Chiral N-sulfonyldiamine was successfully anchored on mesoporous MCM-41 silica. The MCM-41-supported chiral N-sulfonyldiamine was used as an efficient heterogeneous chiral ligand in the asymmetric transfer hydrogenation of ketones. This heterogeneous system offered satisfactory enantioselectivities up to 94% with excellent conversions.
INTRODUCTION
The reduction of ketones to the corresponding secondary alcohols is one of the most important chemical processes in industry and in synthesis-related research laboratories. Usually, ketones can be reduced into alcohols involving a number of reducing reagents, including molecular hydrogen, metal hydrides, and dissolving metals. 1 The transfer hydrogenation of organic compounds has attracted much attention because it is a much safer and more environmentally benign process. [2] [3] [4] [5] [6] [7] [8] Homogeneous noble metal catalysts, such as Ru complexes, [9] [10] [11] [12] [13] are known to be effective for these kinds of reactions, but they suffer from difficulties in the recovery and reuse of expensive catalysts, and the necessity for co-catalysts. Successful development of homogeneous catalyst has been sometimes followed by attempts to attach the catalyst on an insoluble support. Noble metal-based heterogeneous catalysts were also considered because of their advantages in catalyst recovery and recycling. Supported nanoparticle catalysts, such as Ni, [14] [15] [16] Pt 17 and carbon nanotubes 18 have been reported to act as effective and reusable catalysts for these kinds of hydrogen transfer reactions. However, such heterogeneous processes need to be improved because the usage of the catalysts has been very high (i.e. 10-20 mol% Ni), while the conversion of the reactant and the selectivity of the desired product have been very low. The use of well-defined nanostructured mesoporous materials [19] [20] [21] [22] Table 1 . The data show that the functionalized MCM-41 possesses characteristic pore structure of mesoporous material containing high specific surface area and high mesoporous volumn. Pore size distribution of MCM-41 silica 3 was similar to parent MCM-41. Surface area and pore diameter of MCM-41 silica 3 decreased due to the grafting of organic functional group. The HRTEM image obtained after the modification of the parent MCM-41 silica is presented in Fig. 1 . The hexagonal symmetry of the pore arrays is conserved after the immobilization of N-sulfonyldiamine chiral ligand 3 onto MCM-41 silica, which was also confirmed by XRD (Fig. 2) . With the heterogeneous Ru catalyst, we attempted the asymmetric transfer hydrogenation of ketones. The asymmetric transfer hydrogenation of acetophenone was carried out using MCM-41-supported chiral N-sulfonyldiamine 3 (1 mol% of Ru complex and 1.7 mol% of chiral ligand) in presence of HCO 2 Na (5 mol equiv) at 40 ºC for 15 h in pure water to give the corresponding alcohol in 85% yield with 86% enentiomeric excess ( Table 2 5a ). Then we extended asymmetric transfer hydrogenation reaction to the other ketones. Table 2 summarizes the catalytic performances for asymmetric transfer hydrogenation of aromatic ketones in aqueous medium. When propiophenone and substituted acetophenones were employed as substrates, the catalyst gave satisfactory enantioselectivities with high yield. The enantioselectivity seems to depend on the structure of the ketone. The enantiomeric access increased with decreasing of steric hindrance around the carbonyl group and electron donating group connected to the benzene ring (5c-f). It may be because the electron withdrawing groups give lower LUMO values, which accelerates the catalytic reaction.
Reactions of chloro and methoxy-substituted acetophenone exhibited high hydrogen transfer rates and comparable enantioselectivities to acetophenone. However, the highest enantioselectivity (94%) was observed for the transfer hydrogenation of a-tetralone (5g). Recently, G-H Liu et al. 57 reported the asymmetric transfer hydrogenatin reaction of aromatic ketone using glass as a solid support, which required 33 mol% of Ru-catalyst. It is noteworthy here that our MCM-41-supported chiral N-sulfonyldiamine 3 provided excellent results in terms of yield (98%), enantoselectivity (94%).
Recycle of the MCM-41-supported chiral N-sulfonyldiamine 3
The reusability of the immobilized catalyst is one of the important factors for the practical application of heterogeneous catalyst. In order to test the factor, we carried out the transfer reaction of acetophenone in the same reaction conditions ( Table 2 5a ). The supported catalyst was recovered by simple filtration and washed by water-ethyl acetate and directly used to the next reaction without further addition of Ru-complex. It is noteworthy that the catalyst could be used for four times (Table 3 ) without significance loss of its catalytic activity as well as enantioselectivity.
CONCLUSIONS
We have synthesized MCM-41-supported chiral Nsulfonyldiamine 3 as a heterogeneous chiral catalyst, derived from relatively cheap optically pure (1R,2R)-diaminocyclohexane, for the asymmetric transfer hydrogenation of ketones. The catalyst displayed good catalytic activity and enantioselectivity in the asymmetric transfer hydrogenation of aromatic ketones in aqueous medium, and the substrates with electron-donating groups had less enantioselectivity than those with electron withdrawing groups. Further synthesis on mesoporous silica-supported chiral ligands and their use to asymmetric catalysis are underway.
